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Background of the Invention
10 This invention relates to electrophoresis generally, and more particularly, to an

apparatus and method for performing capillary array electrophoresis on
microfabricated structures.

In many diagnostic and gene identification procedures such as gene mapping,
gene sequencing and disease diagnosis, deoxyribonucleic acid (DNA), ribonucleic

15 acid (RNA) or proteins are separated according to their physical and chemical
propetties. In addition to DNA, RNA or proteins, other small molecule analytes may
also need to be separated.

One electrochemical separation process is known as electrophoresis. In this
process, molecules are transported in a capillary or a channel which is connected to a

20 buffer-filled reservoir. An electric field in the range of kilovolts is applied across
both ends of the channel to cause the molecules to migrate. Samples are typically
introduced at a high potential end and, under the influence of the electric field, move
toward a low potential end of the channel. After migrating through the channel, the
separated samples are detected by a suitable detector.

25 Typically, electrophoretic separation of nucleic acids and proteins is carried
out in a gel separation medium. Although slab gels have played a major role in
electrophoresis, difficulties exist in preparing uniform gels over a large area, in
maintaining reproducibility of the different gels, in loading sample wells, in uniformly
cooling the gels, in using large amounts of media, buffers, and samples, and in

30  requiring long run times for extended reading of nucleotides. Moreover, slab gels are

not readily amenable to a high degree of multiplexing' and automation. Recently,
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Summary of the Invention
The invention provides a capillary array electrophoresis (CAE) micro-plate.

The micro-plate has an array of separation channels connected to an array of sample
reservoirs on the plate. The sample reservoirs are organized into one or more sample
injectors. A waste reservoir is provided to collect wastes from sample reservoirs in
each of the sample injectors. Additionally, a cathode reservoir is multiplexed with
one or more separation channels. An anode reservoir which is common to some or all
separation channels is also provided on the micro-plate. Moreover, the distance from
the anode to each of the cathodes is kept constant by deploying folded channels. The
corners on these turns may be right angle turns or more preferably, smooth curves to
improve electrophoretic resolution.

In one aspect, the reservoir layout on the substrate separates the sample
reservoirs by a predetermined spacing to facilitate the simultaneous loading of
multiple samples.

In another aspect, cathode, anode and injection waste reservoirs are combined
to reduce the number of holes N in the substrate to about 5/4N where N is the number
of samples analyzed.

In another aspect, the separation channels are formed from linear segments.

In another aspect, the separation channels are formed from curvilinear
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Other features and advantages will be apparent from the following description

and the claims.

Brief Description of the Drawings
20 The accompanying drawings, which are incorporated in and constitute a part

of the specification, schematically illustrate the present invention and, together with
the general description given above and the detailed description given below, serve to
explain the principles of the invention.
Fig. 1 is a capillary amray electrophoresis (CAE) micro-plate layout.
25 Fig. 2 is a schematic illustration of the sample injector of Figure 1.

Figs. 3A-3D are illustrations of the operation of the sample injector of Figure

Fig. 4A is an exploded perspective view of a CAE micro-plate assembly.

Fig. 4B is a cross-sectional side view of the CAE micro-plate assembly of Fig.
30 4A.

Fig. 5 is an illustration of a laser excited galvo-scanner in conjunction with a

CAE micro-plate.
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Fig. 11 is an enlarged view of a perimeter portion of the CAE micro-plate
layout of Figure 9. '
10 Fig. 12 is an enlarged view of a center pé)rtion of the CAE micro-plate layout

of Figure 9.

Description
Referring now to Figure 1, a capillary array electrophoresis (CAE) micro-plate
15 10 is shown. The micro-plate 10 has an array of capillaries or separation channels 50
etched thereon. In one embodiment of Figure 1, 48 individual separation channels are
etched in a 150 micron (xm) periodic array. In this embodiment, the separation
channels 50 branch out to an 8x12 array of sample reservoirs 101, each of which is
spaced a predetermined distance apart to facilitate loading with an 8-tipped pipetter.
20 Inthis case, each sample reservoir 101 is spaced in one dimension nine millimeters
apart from another sample reservoir. The separation channels 50 extend by a first
predetermined distance from an injection region to an anode reservoir 180 and by a
second predetermined distance from an injector group 100 to a cathode reservoir 120.
The first predetermined distance may be about 10 centimeters, while the second
25  predetermined distance may be about 1.8 centimeters.

Each of the sample reservoirs 101 belongs to an injector group such as one of
injector groups 100-116. Additionally, injector groups 100, 102 and 104 are
connected to a cathode reservoir 120. Although the cathode reservoir 120 is
connected to three sample injectors 100, 102 and 104, other cathode injectors may be

30 connected to more than three sample injectors. For instance, a cathode injector 130 is
connected to sample injectors 106, 108, 110, 112, 114 and 116.

The anode reservoir 180 is placed in a non-symmetrical manner in this case to
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10 drilled. This number ofholes is close to a theoretical minimum number of holes of
N+3. The reduction in hole counts is advantageous as fewer holes need to be drilled
into the micro-plate 10, thereby increasing manufacturing efficiency as well as
decreasing the potential for defects in the production of micro-plates, as caused by
mechanical stress associated with the drilling process.

15 Another reason for multiplexing the cathode, anode and waste reservoirs is to make it
more feasible to fit 96 separation system on a single substrate. The above advantages
are also applicable in the event that the holes are formed by a molding process ora
bonding process in lieu of the drilling process.

Turning now to Figure 2, details of the sample injector 100 of Figure 1 are

20  shown. The sample injector 100 has a plurality of sample reservoirs 200, 204, 220
and 224. Sample reservoirs 200 and 220 contain a first sample, while sample
reservoirs 204 and 224 contain a second sample.

The sample injector 100 also has a first separation channel 202 and a second
separation channel 222. The sample injector 100 thus permits a serial analysis of two

25  different samples on each separation channel. The first and second separation
channels 202 and 222 are connected to a waste reservoir 208 by a cross channel 207.
The sample injector 100 also has a cathode end 210 as well as an anode end 212. The
cathode and anode ends 210 and 212 are at opposite ends of the first separation
channel 202. Similarly, a second cathode end 214 is connected to a second anode end

30 216 by a separation channel 222 that is connected to the waste reservoir 208. As
illustrated below, by a proper biasing of the anode reservoirs 211 and 212, cathode

reservoirs 200 and 214, sample reservoirs 200, 204, 220, 224, and waste reservoir
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reservoirs 10(% 0 %?%1) ?sfap lecf between the sample reservoir 200 and the injection waste
reservoir 208 to draw a sample through a channel that passes from the sample
reservoir to the waste reservoir and crosses the separation channel.

10 In Figure 3B, a separation voltage of about 3700 volts (300 V/cm), for
example, is applied between the cathode end 210 and the anode end 212, This causes
the electrophoretic separation of the sample. In addition, a back-bias of the potential
between the sample reservoir 200 and the injection waste reservoir 208 is applied.
Preferably, the back biasing voltage is about 720 volts. The back-biasing operation

15  clears excess samples from the injection cross~-channel 213. As illustrated in Figure
3B, a 100um sample plug is injected and any residual sample is pulled away from the
injection region to avoid tailing side-effects. Figures 3C and 3D represents analogous
injections from the second sample reservoir 204. Although the embodiment of
Figures 2 and 3A-3D operates on two samples, four samples may be injected onto a

20  single capillary without any significant cross-contamination.

The process of etching patterns into a representative micro-plate is discussed
next. In one microfabricated embodiment, Borofloat glass wafers available from
Schott Corporation of Yonkers, NY are pre-etched in 49% HF for 15 sec and cleaned
before deposition of an amorphous silicon sacrificial layer of about 1500A in a plasma

25  enhanced chemical vapor deposition (PECVD) system. The wafers are primed with
hexamethyldisilazane, spin coated .at 5000 rpm with a photoresist such as a 1818
photoresist available from Shipley Corp. of Marlborough, MA. The photoresist is
developed in a 1:1 mixture of Microposit developer concentrate available from
Shipley and water. The wafers are then soft-baked at 90° C for 30 minutes. The

30  mask pattern is transferred to the substrate by exposing the photoresist to ultraviolet
radiation in a Quintel contact mask aligner. The mask pattern is transferred to the

amorphous silicon by a CF, plasma etch performed in the PECVD reactor. The
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For paths fron ERges aecShedlal £aBRIRRAEYS, 07, TPRC"Sr ' ot hodes 120 or
130 is identical foTuming SPRYFELIreH4A and 4B, an exploded view and a cross-sectional
10 side view of a CAE micro plate are shown. In Figure 44, a CAE micro-plate 302
with etched separation channels 301 and a plurality of reservoirs 303 formed thereon
is provided. A reservoir array layer 304 is mounted above the CAE micro-plate 302
to provide additional reservoir space above the reservoirs formed on the micro-plate
302. The presence of the reservoir array layer 304 increases the volume of buffers in
15  the cathode and anode reservoirs and simplifies sample handling and electrode
introduction. Preferably, the reservoir array layer 304 is a one millimeter thick
elastomer sheet which makes a watertight seal when it is in contact with the glass
micro-plate 302. The reservoir array layer 304 may be an elastomer such as Sylgard
184, available from Dow Coming of Midland, Michigan.
20 The reservoir array layer 304 is placed onto the micro-plate 302 before the
channels are filled with a separation medium. Preferably, the separation medium is
0.75 percent weight/volume hydroxyethylcellulose (HEC) in a 1X TBE buffer with
1M ethidium bromide. Additionally, the reservoir array 304 fully isolates the
reservoirs from each other. The separation channels are pressure filled with a sieving
25  matrix from the anode reservoir 180 until all channels have been filled. The anode
and cathode reservoirs 180 and 120 are then filled with a 10X TBE buffer to reduce
ion depletion during electrophoresis. The sample reservoirs are rinsed with deionized
water. Samples are then loaded from a micro-titer plate using an 8-tipped pipetter.
After the reservoir array layer 304 is positioned on the micro-plate 302, an
30 electrode array 306 is placed above the reservoir array 304. The electrode array 306
is fabricated by placing an array of conductors such as platinum wires through a

printed circuit board, Each conductor is adapted to engage a reservoir on the micro-
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15  beam. In adirect fluorescence detection system, either the target spec1es is
fluorescent, or it is transformed into a fluorescent species by tagging it with a
fluorophore. The passing of the fluorescent species across the detection zone results
in a change, typically an increase in fluorescence that is detectable by the system 400.

Turning now to the analysis system, the galvo-scanner 400 has a frequency-

20  doubled YAG laser such as YAG laser available from Uniphase Corporation of San
Jose, California. The YAG laser generates a beam which may be a 30 mW, 532 nm
beam. The beam generated by the laser 402 travels through an excitation filter 404
and is redirected by a mirror 406. From the mirror 406, the beam travels through a
beam expander 408. After expansion, the beam is directed to a dichroic beam splitter

25  410. The laser beam is directed to a galvonometer 420 which directs the beam to a
final lens assembly 422. In this manner, the beam is focused on a spot of about 5 um
where it excited flourescence from the molecules in the channels and is scanned
across the channels at 40 Hz. The resulting flourescence is gathered by the final lens
and passed through the galvomirror and the dichroic beam splitter 410 to an emission

30 filter 412 which operates in the range of about 545-620 nm. After passing through the
emission filter 412, the beam is focused by a lens 414. Next, the beam is directed

through a pinhole 416 such as a 400 xm pinhole for delivery to a photomultiplier
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reservoir and cspesified it Hdatas eqmisitiorosofiwaznsueh as LabVIEW, availdble ffomp¥atiods, a

separation voltage of about 3700 volts (300 V/cm), far . anple, is
appl i ed betwee nﬁﬁtﬁ@nﬁ"&ﬁ ﬂ%@“@nge@iobém%frﬁ@%%gio malﬁé‘.an%%o’%g‘ifg s

emission may then be acquired at about 77 kHz using a 16 bit A/D converter from

10 Burr-Brown Corporation of Tucson, Arizona. Logarithmic data compression is then
applied to generate five linear orders of dynamic measurement range. The data is
obtained as a 16 bit image, and electropherograms are then generated using a suitable
software such as IPLab, available from Signal Analytics, Vienna, Virginia, to sum
data points across each channel, A detection of all lanes with a 0.09 second temporal

15  resolution has been achieved by the system 400.

EXPERIMENTS

An electrophoretic separation and fluorescence detection of HFE, a marker

gene for hereditary hemochromatosis, was performed to demonstrate the

20  high-throughput analysis of biologically relevant samples using the CAE micro-plates
of the present invention. HFE is a genetic disorder that causes a buildup of iron in
tissues resulting over time in disease. The buildup primarily affects the liver.
Between 0.1 and 0.5% of the Caucasian population are homozygous for an HFE
C282Y variant responsibie for this disease. If detected early, treatment can be

25  initiated and long term effects-avoided. To screen the population for this marker
gene, a high throughput screening system is needed.

In this experiment, samples were prepared using PCR amplification and
digestion to assay the C282Y mutation in the HFE gene. This G A mutation at
nucleotide 845 creates a Rsa I restriction site in the HFE gene. DNA materials were

30  isolated from peripheral blood leukocytes using standard methods. A segment of an
HFE exon containing the variant site was amplified with the following primers:
HH-E4B: S'GACCTCTTCAGTGACCACTC3'



the el ectrophoretic separation of the sanple. In addition, a back-bias of
the potenti al bet ween the sanple reservoir 200 and the injection
waste reserw@9922898 i s applied. Preferably, the back bbPemUSes/23661t age
i s about 720 volts. The back-bi asi ng operation 15 cl ears excess sanpl es
fromthe injection cross-channel 213. As 10 |ustrated in Fi gure 3B, a

100, [err]m sanple plug is injected and any residual sanple is pulled away
fromthe i njHEA82Bn YCTICABGCRAGTOCTCTRIAAGG3'si de-ef fects. Figures 3C

and 3D represents ecti ons

reservoir 204. Al t%%#@%dﬂ?ﬂﬂhﬁ %’Pcussegmcﬁnd&ﬁgég?\%%ﬁﬁafe?g}p g%
operates on 1399498 7PI9E), heféb?’ﬁnc%?ﬁﬂ?&t@& by Refereficd. MIRATHE/Mpmer dfhtain$h agl e
capillary wi thout an i cant cross-contani nati on.

process of etidtintgg.p rkamplification eqaciiercenriained 1 M drisgiHEI(pHs= &B}.cussed

t. | t f | abl
from f”eéﬁ‘a?%%@m??mﬁ@}féﬂ oA, 7:5 8 oF BIRint o a5, e r or
15 sec and clgaperh quNA aPAfaBleSrdie Perkir Emﬁhroﬁraﬂ&lﬁﬂ@fwj"% PR WalBarried
sacrificial |ayer of about 1500A in a plasma 25 enhanced chem cal vapor

deposi tion ( Feaom)er thyree eansecTtive verfditiensaSecyples (0 Gfart min, 64° C for 1 min,

a3 BRI i SRR BT DA B e

phot or esi st Izs cycles (954Y RirQRAM, 567 @ fdr 1 Aidli72¢ @ Pr Oimil). CTIRNSHELSEV el oper

concentrate available from Shi pl ey and wat er . e wafers are then
sof t - bakbY atdigestien of m@lffmd meodust was eagriedrpiet tyrpddingsfsu] qf@a@lbamplilﬁed
transferred tg t in e t ItraV|oIet
radiation in SSmEJ}etﬂt c‘,’?é{ FF‘S‘ @qgm%)’ lr%??( NSQ ?rédr grting for

transferred top rhin@tes at 37 campta@u@resmhlwmgmsﬁbcﬁétea bAa 4198 seinple dislyior med
in the PECVD reactor. The

plate, available from Millipore, Bedford, MA. Sample types were initially established

by separation of restriction fragments on 1% Agarose-3% SeaPlaque gel, available

15 from FMC Bioproducts, Rockland, ME, in 0.5x TBE. Gels were stained in 0.5 n.g/ml
ethidium bromide for 30 minutes and visualized on a UV transilluminator, a
Spectroline model TR-302, using a 123-bp ladder, available from Life Technologies
Inc., Gaithersburg, MD, to determine fragment sizes.

Figure 6A and 6B present images of separations of 96 HFE samples on a CAE

20  micro-plate. The 96 samples were separated in two runs of 48 samples,
corresponding to two injection reservoirs per channel. In this experiment, nineteen
different samples were dispersed among the 96 sample wells, giving a 5-fold
redundancy in sample analysis. An original image 500 was obtained for the first
injection, while an original image 504 was obtained for the second injection.

25  Additionally, expanded images 502 and 506, corresponding to original images 500
and 504 are shown. The width of the electrophoretic image shown is 7.4 mm for 48
lanes and the complete analysis of 96 samples was performed in under 8 minutes.
The expanded images show that the bands are of high intensity and resolution. The
image exhibits a smile with the right lanes about 20 seconds faster than the left. This

30  iscaused by a gradient in the electrophoresis voltages caused by the placement of the
anode to the side of the injection region to ensure adequate clearance from the

scanning lens.



7 Wafers are etched in a 49% HF solution for about 3 minutes at an
etch rate of 7 [errfmMmn to forma final etch depth of 21 [err]m and
channel wi dt hwofos2827[err] m at the bonded surface. The PBE&USPYZIEL | s
stripped and the remaini ng anorphous silicon is removed in a CF4

pl asma etch. Holes are drilled into the etthed plate using a 1.25 5 nm
~dianeter dianond-tipped drill bit, available from Crystalite Corporation of
Westerville, OH ThEigstechprdseatuthel P6 Electonbierageamsobisipeddiomyhe,isnagesin o a f | at

waf er of .simlar size and type in a progaram nace.

After bondi ng,F’cgﬂéesél‘?aW«ng' Aﬁegwéﬁﬁo _ slgarvg%ge 5%ﬁ8¥ggy§q§z'§ ing

protocol . doublet in order t¢ ébhgﬂréqtﬁ%éﬂaraﬁbﬂb!r'ﬂfe Y-t fiaghiint appearspisaded vi ew
si de

and a cross-sectional 10 view of a CAE mi.cro plate are shown, In

Fi gure 4A, a CAgubletaiue gt partialddotinylation of ghe HHE AT primere puihe biasinyiatpddaEns 301

eservoi - arr agerap o dpbe B e ae obler The167-8p ShEET
to provide addbfdv?&%'géﬁéﬁﬁﬂéfé?&fce g@ﬁeﬁxmoagnm dfRfRirsphersgrimas tRehnggaré he

m cro-pl ate The presence of the reservoir array |ayer 304
i ncreases t he vepamtensindaifofvsias acenrats genatyping withod seqyiingd Saag dadder. s r s

and sinplifies sanple.handling and .el ectfaode | | «
Preferably, théﬁ(?‘grg@reﬁ}%‘i“f:qa?"r quﬁgés?anﬁf)ﬁ&?’@e%th&%él ik ?ﬁ{(ﬁgﬁgéﬁc{gﬁf R
el ast oner sheele s RitHR RRIAd WBYiSHdH @) oF 03 setdidrand 0.6 secontl, espéativelyyfor h
t he gl ass m cro-plate 302. The réservoir array |layer 304 may_ be an

el ast omer uch thesfirSyinipatioh and 6.6 secgith a SPaif|1dixeeordraneh O socard: mespectely,

M dl and, M chi ga 20 c . .JThe re VOi & akr l.ayer | - d

onto the micro3 ?)r'ntgtf §e°§{§fkmﬂ)"é‘f18‘?~euﬁlﬂé a t-tes’?,%e typings For B¥th lﬁj%gﬁon%%ffe ﬁéerﬂllﬁ‘&?
to be at about a 99.9% confidence level.

Referring to Figure 8, a second embodiment of the CAE micro-plate 600 is

shown. In Figure 8, the micro-plate 600 is an array of injectors, each of which

15  includes waste reservoirs 602 and 608, sample reservoirs 604, 606, 610 and 612.
Each injector unit is connected to one of two cathode reservoirs 614 or 616,
respectively. Additionally, each injector unit is connected to one capillary in an array
of capillaries or channels 620. The capillaries or channels 620 are connected to an
anode 630. In this design, 96 samples can be analyzed by injecting four samples

20  serially on a single capillary. Further, 24 separation capillaries or channels are used
to analyze the material in 96 sample reservoirs. Moreover, each of the injector units
has two waste reservoirs. In total, the embodiment of Figure 8 has a hole count of
3N/2+3.

Referring now to Figure 9, a thitd embodiment of the CAE micro-plate 650 is

25  disclosed. Inthe CAE micro-plate 650 of Figure 9, cathode reservoirs 652 are
positioned on a perimeter of the CAE micro-plate 650. Additionally, an anode
reservoir 660 is positioned in the center of the CAE micro-plate 650. Separation
channels or capillaries may emanate from an outer perimeter of the micro-plate 650
toward the center of the micro-plate 650 in a spiral pattern if longer separation

30  channels are desired. Alternatively, if short paths are desired, the separation channels
or capillaries may simply be a straight line connecting the perimeter of the micro-
plate 650 to the center 660 of the CAE micro-plate 650.



channels are filled with a separation nedium Preferably, the separation

mediumi s 0. 75 percent wei ght/vol ume hydroxyethyl cel |l ul ose (HEC) in
a 1X TBE bw§d sy24gs h 1[err] M et hi di um brom de. Addi t ipoTaiseg/23sshe
reservoir array 304 fully isolates the reservoirs fromeach other.

The separation channels are pressure fillzd with a sieving 25 matrix from
t he anode reservoir.180 until all channels have been filled. The anode
and cat hode r esermghing nd®Qo Fighrds2ID @idel It, be injédtdr umit ofith\ CAEOXroFBhatdeff f er t o

S s o hondoh oo s e o b pEeag ot DA
Feservol 1 ar gt JEFRTY, S slhoR cRfteRor capillaries €70 and 6785k 120

g Ir reg tr g(c)i g ardmne&flgto}a;cgﬁmgabmeﬁvghfézaagé a:cr)irnmomrc}aﬁyodagdsefv'ﬂhéﬁl eﬁ t rode
pl at iynun§ W ré@digimq}}ygqhegepararﬁonc 4 pefllf’( 'ﬁ)%ﬁdr@&iafe ‘?}%’é‘gﬁé%gﬁﬂg%ﬁgﬁ? ?:
auant {0 SR ! SIS n PRuRIO AT e pomerions DA

netal stri psandivdshereservoirs may mteréecbinamcbf-getatdnaer. i ndi vi dual reservoirs of a
common type to be el ectrical

( | dd d | del . T | d
array 306 al so re@@f@’_é’glgtq‘?é’ tﬁ&i&‘%"ﬁﬂ?i Q‘;c?}{ﬂglséai%f‘ en6&a‘;fa}l‘§‘§r§r9dﬁ ﬁquﬁﬁ?ﬁ%g ©
el ectrode argai, 306 d Mobl’if Flghre P AGHE ity o? sidfaith HRAGISHRABIIBEes 800-

10 - 810 form a curvilinear paﬁem,_ which may be a radial pattern, converging on a central

region.'820. From the central region 820, the separation channels or capillaries form a
passageway from the perimeter of the central region 820 to the common anode
reservoir 660 at the center of the CAE micro-plate. The center area 820 is the area
where a rotating scanner may be used for detection pur;ﬁoses.

15 Samples may be loaded manually or automatically. Serial injections may be
used to increase the Sample throughput with a predetermined number of capillaries.
Moreover, while one embodiment of the present invention injects two samples per
channel, an injection of four samples per channel may be used to analyze 192 samples
per plate. Further, an increase in the number of capillaries on the CAE micro-plate

20  would increase the throughput correspondingly without introducing any sample
contamination. Moreover, the plate may be made of glass or plastic.

In addition, the scanning detection system may be altered by inverting its
objective lens and scanning from below. Placing of the optics below the plate would
permit facile manipulation and introduction of samples. The inverted scanning would

25  also avoid spatial conflict with the anode reservoir, thereby permitting a central
placement of the anode. Moreover, an array of PCR reaction chambers may be used
with the micro-plate of the invention to allow for integrated amplification of low
volume samples, eliminate sample handling and manual transfer, and reduce cost.
Furthermore, the present invention contemplates that electronic heaters,

30  thermocouples and detection systems may be used with an array of microfluidic
capillaries to enhance the CAE electrophoresis process.

While the invention has been shown and described with reference to an



5 controll ed power supplies. As shown in Figure 4B, the
reservoir array |layer 304, when used in conjunction with the

m cro-pl ate 3@D99amzar ges the effective volune of the reservoiPCI/USIB23661
originally formed on the mcro-plate 302. Moreover, electrodes fromthe

el ectrode array 306 are adapted to ptdbe the reservoirs on the

m cro-plate 302 and the reservoir 10 array |layer 306. The solutions are
pl aced in the embodivient theleyf, thase plillédin tBO&t will understand that thé\abave and sthebl v,
the CAE micro-plate 302 is £robed wi th a gal vo-scanne stem 400, as

.S.
shown in Fi gur éhdgesigdony ap %taibwah’eam%gfﬂhm&ﬁa%a&@@%F sgjikand scope
det ector at a_ggﬁgggmgﬁnéggﬁPff the channels. During the process of

el ectrophoresi s, uorescent species traverses a detection zone,
it is excited by an incident |aser 15 beam In a direct fluorescence
detection system either the target species is fluorescent, or it is

transforned into a fluorescent species by tagging it with a
fl uorophore. The passing of the fluorescent species across the detection

zone results in a change, typically an increase in fluorescence that
is detectable by the system 400. Turning now to the analysis
system the gal vo-scanner 400 has a frequency- 20 doubl ed YAG | aser such
as YAG | aser avail able from Uni phase Corporation of San Jose,

California. The YAG | aser generates a beam which may be a 30 nW 532 nm
beam The beam generated by the |aser 402 travels through an excitation
filter 404 and is redirected by a mrror 406. Fromthe mrror 406,
the beamtravel s through a beam expander 408. After expansion, the
beamis directed to a dichroic beamsplitter 25 410. The laser beamis
directed to a gal vononeter 420 which directs the beamto a final

| ens assenbly 422. In this nmanner, the beamis focused on a spot of about 5
[err]m where it excited flourescence fromthe nolecules in the
channel s and i s scanned across the channels at 40 Hz. The resulting
flourescence is gathered by the final |ens and passed through the
galvomrror and the dichroic beamsplitter 410 to an em ssion



30 filter 412 which operates in the range of about 545-620 nm After

passi ng through the em ssion filter 412, the beamis focused by a

| ens 414. RNegrbodele beamis directed t hrough a pi nholpeTASS8/8366h as a
400 [err]m pinhole for delivery to a photomrultiplier

9 (PMI) 418. The el egtrode array 306 is connected to

one or nore power supplies 428 such as a sem il able from
St anf ord Resggf £ 1S¢EhevEPfs: Sunnyval e, Caﬁ“lm mﬂﬂnﬂ)‘umnmer

supplies are connected to a conputer and software*cohtriol I*eds 5* to
automatically time and switch the appropriate voltages into the el ectrode

array 306. The software ma e wittenin a.c entional conputer

| anguage, or may be Xcal\g@ﬁ@'&rfas'iecfrﬂplhorffﬁpolla%(t%ﬂi’i&&\tﬁll%n sof tware such as
LabVI EW avai | abl g, {381 Nepdrltl channels folhied bisaa pRatgyandustin, Texas. Data
corresponding to spatrally distinct fluorescent em ssion_may then be
acqui red5at about avatraytef samplegeservadrsifprmedy an saishplatetaad coypled tosald Bur r - Br own
Cor porati on of Tucsog, A[i zona. Logarithm c data conpression is then
applied to gHPATEHPRCRINPESS  near orders of dynanic neasurenent range. The
data is obtained as a 16 bit inmage, and el ectropherograns are then
generated using a suitable sof tware such as |PLab, available from

Si gnal Anal yti cs, 2Vi enfthe phitereficldim, 1, whemimsaid array of sample reservoirs are

organized into one or more sample injectors.
10
-

3. The plate of claim 2, further comprising a waste reservoir positioned in

each sample injector.

4. The plate of claim 3, wherein one of said waste reservoirs is coupled to

15  one or more sample reservoirs in each sample injector.

5. . The plate of claim 1, further comprising a cathode reservoir, said

cathode reservoir being connected to one or more separation channels.

20 6. The plate of claim 1, further comprising an anode reservoir common to

one or more separation channels.

7. The plate of claim 1, wherein the plate has one set of reservoirs
positioned near an outer perimeter, and one set of reservoirs positioned near a center
25  and the separation channels connect the reservoirs near the outer perimeter to

reservoirs near the center.

8. The plate of claim 7, wherein the separation channels radially connect
the outer perimeter to the center.
30
9. The plate of claim 1, further comprising an electrode array coupleable

to said reservoir array.



data points acr,oss each tion of all lanes with a 0.09
second tenporal 15 resmmmi , m achi eved by the system 400.
EXPERI MENTS WO 99/24827 * ' etic separation and f|RCIESWBRICH

detection of HFE, a marker gene for hereditary henochromatosis, was
performed to denonstrate the 20 hi gh-t hrdGghput anal ysis of biologically
rel evant sanples using the CAE m cro-pl ates of the present invention.
HFE is a genetic di sl@rderThblprecﬁa]siﬁw a"uﬂﬂntirlcdmprisihghmsarvbirarraylayeﬂhmgas
resulting over tine i dlsease. bUI|d |mar|Iy affects the liver.

Bet ween 0.1 andPRPBYLHPPEPMES eoupt ;ﬁ;) I " honozygous for an HFE

C282Y variant responsible for th| S d| sease. If detected early, treatnent
can be 25 initiated and long termeffects avoi ded. To screen the
popul ation for this lfar kéiheplate of cgain'el vdmel’dixykaiﬂ resenygirpoty 'mcregﬂmlmasgdsﬂnem

I s needed. | es were pre usi ng
PCR anpl i fitat i B O5HEC dlmensm{‘ﬁ %fb%af nﬁ&é%ﬁ%ﬁ"@g@ i e&ﬂ?%wp?ﬁﬁﬁrt he

HFE gene. This G A nutation at nucI eotide 845 creates a Rsa |
restriction site in the HFE gene. DNA nmaterials were 30 i solated from
peri pheral bl ood | edl@:)cywesaplilﬁmglm,xdmﬂmpﬂoma’kphcbcon&pﬁsiweatplmﬁh@mf
HFE exon containing.the vari It nplified with the foll ow ng
primers: separdtion ¢ fg Qﬂq%&@fl EMBACTC3!

one or more anode reservoirs formed at a surface of said plate; and
10 one or more injectors formed at a surface of said plate, said injector having:
a plurality of sample reservoirs formed on said plate and coupled to
said separation channels;
a plurality of waste reservoirs formed on said plate and coupled to said
separation channels; and
15 at Jeast one cathode reservoir multiplexed with a plurality of said

separation channels.

13.  The plate of claim 12, further comprising an electrode array coupleable
to said reservoirs.
20
14.  The plate of claim 12, wherein the plate has an outer perimeter and a

center and the separation channels connect the outer perimeter to the center.

15. A capillary array electrophoresis plate comprising:

25 an array of microfabricated separation channels formed at a surface of a first
microfabricated substrate and a corresponding surface of a second substrate bonded to
said first and second substrates, each of said channels having first and second ends;

an array of sample reservoirs formed at a surface of said plate;
an array of waste reservoirs formed at a surface of said plate;

30 an array of cathode reservoirs coupled to the first end of each of the separation
channels;

an array of anode reservoirs coupled to the second end of each of the



10 HC282R 5' CTCA The HC282R
primer is a prinmer di sﬁlﬂ&tﬂﬂmm t Nature Genet. 13,

399- 408 ( 19%0) s9/duszEbY reference The HH E4BPETIUS98/23661
contains a 5' brotrntag The 25[err]l anplification reaction
contained 10 MM Tris-HCI (pH=8.8), 5 160 mMKC, 0.75 mMMCl[err], 0.2
nmv dNTPs, 7.5 pM of each prinmer and 1.5 U Arrpl i Tag DNA, avail abl e
from Perkin EtpueationBhamned) wid), NJ The PCR was carri ed out under

t hree consecutive conditions: cycles (95[err] Cfor I mn, 64[err] C for
1 min, 72[ eraf‘]mJECthffO“EeC}rth injectign Fhannektompgeted {0 qne or moge sam [er r] C

for 1 mn, fvro}rs ﬁ)af&g{o&ge]s g‘s&)lar%?d?%ha%el and CorfnbGis BPa (v%gz[e%s%}vog for 1 mn,

56[ err] Cfor e restriction estion of
anplified product was carried out by addr ng 4[ err]I of each arrplrfred

sanple tao 6 [err]I buffer cant ai ni ng, 2 g oujs, M) and
di gesti ng5 for 6. 90 Wﬁﬁﬁlgwépag?{eé??ﬂhoé?s‘%ﬁ#ﬁp §l%r1é Wh%(F‘}‘z@@‘ agai nst
D wat er plate, available fromMIIipore,
Bedf ord, I\/A §g§s®afe§g%yrﬁlecgdﬁ\;\%¥% Initially established by separation of

restriction fragrrents on 1% Agar ose- 3% SeaPl aque gel, avail able 15 from
FMC Bi opr oduct s, Rockl and, NE?-HI n 0.5x TBE. Cels vrgre stained jn
[err]g/m etli di Uieisapifirerarey elegmophorsisilats of clpim | 34 rvheramdhea w

- transillum ngLe% ?i%gsgr ol i ne nmodel TR-302, using a 123-bp | adder,
.avai |l abl e from } % gl es I'nc., Gaithersbur g, MD, to determ ne
fragnmenti(si zes. Fi gure 6A and 6B present images of
separations of 96 HFE rrpl es on a | ate.. _The 96 sanpl es
were separated inwo r §a51 lagyariay OTES’SﬁatEGEFJé%dﬁdWhgemﬁ

i njection re%ﬁﬁé&%’ters%ré)xﬂﬁd&m%. I'n thr s experinment, nineteen

19.  The capillary array electrophoresis plate of claim 15, wherein one or

15 more separation channels are connected to a common cathode reservoir.

20.  The capillary array electrophoresis plate of claim 15, wherein one or

more separation channels are connected to a common waste reservoir.

20 21.  The capillary array electrophoresis plate of claim 15, wherein one or

more separation channels are connected to a common anode reservoir.

22.  The capillary array electrophoresis plate of claim 15, wherein one or
more sample reservoirs are connected to one separation channel and one or more

25 waste Ireservoirs.

23.  The capillary array electrophoresis plate of claim 15, further
comprising a reservoir array layer mounted above the plate, the reservoir array layer
having openings positioned to couple to the sample reservoirs, the waste reservoirs,

30 the cathode reservoirs, and the anode reservoirs.

24.  The plate of claim 15, further comprising an electrode array coupleable



di fferent sanples were dispersed anong the 96 sanple wells, giving a 5-fold
- redundancy in sanple analysis. An original inmage 500 was obtalned for the

. first Wi ew2482h, while an original image 504 was obt ai nBETAUSIS/33pE
second injection. 25 Additionally, expanded | mages—wLa,nd_Jiaﬁ,_
corresponding to original inages 500 are shown.

t he el ectrophoretic inmage shown is 7.4 mnfor 48 ”” II ﬂulﬂﬂ" the
conpl et e anal yekaid oéseBoirsmmaplaysr.was perforned in
The expanded i nmages show that the bands are of hi gh i nt ensi ty and

resol ution. The i mage exhibits a smle with the right | anes about 20
seconds faster tham4 he figfd, atray QI ?&%ﬁﬂﬂe@fdﬁmﬂﬂﬁ‘%&?&nkﬁéﬁr@@
el ectrophoresis vol tstages'hf(a:eaugﬂ%-aJ ? em?p}(?enent of anode to the

si de of the i njubsttdtohasrangimayof deeimslas dl@démnmwmmwmﬁ,dmwm
scanni ng |

Figure 7 ? es dREesvairsethg satbpde teseTpeiny avft hnanossasehmitsie Biake ﬁlgctpﬁggcggtapﬁ
Fi gures 6A andwﬁl?thc’%iun% L ORBEVGEy ams have been shifted to align a 1

67-bp I'n or er to conpare the separations. The 1 67-bp
fragment appears as a doubl et due to a partial biotinylation of the
HH E4B prinmer, as the bigtiny|lated fo accqunts for sl owe

m grating fragment #h t hEheFaRIMaRt armay s CE'OEI"P%*F gaof el mz&w etein said

electrode array is integral with the two substrates.

10
27.  The capillary array electrophoresis plate of claim 26, wherein the
sample reservoirs are regularly spaced on the plate to receive solutions from a multi-
headed pipetter system.
15 28.  The capillary array electrophoresis plate of claim 15, wherein the plate

has H holes, and wherein H is approximately equal to SN/4, with N being the number

of samples to be processed.

29.  The capillary array electrophoresis plate of claim 15, wherein the
20  distance from each cathode reservoir to a corresponding injector is approximately
equal and where the distance from each injector to its corresponding anode reservoir

for each separation channel is approximately equal.

30.  The capillary array electrophoresis plate of claim 15, wherein the plate

25  is made of glass or plastic.

31. A method of forming a capillary array electrophoresis plate,
comprising:
forming an array of microfabricated separation channels at a surface of the
30 plate;
forming an array of microfabricated sample reservoirs at a surface of the plate;

and



provi des a useful ref eren l'i gnment of el ectropherogranms to
conpar e separ at i ons ﬂlﬂﬂzumllmwm ﬂlliurate genot ypi ng wi t hout
requiring a wopabng2tad wy In Figure 7, an aver@gesddiséance
between the 111 and 140 bp bands is 7.3 seconds with a standard
deviation (SD) of 0.8 second and 0.6 secongl, respectively, for 10 t he

first infjection and 6.6 sec wwth a SD of 1.1 second and 0.5 second,

respectively, corn@étir f“ &es;pmﬂicwf@sﬁda&@ saiﬂslenas@véusttssﬁe ar}d%ft ypi ngs

for both injections are termned at about a 99. 9% confi dence
| evel . microfabricated sepatatign chankelgur e 8 a second enbodi ment of the CAE
m cro-plate 600 is shown. In Figure 8, the mcro-plate 600 is an
array of injectors, each of which 15 i ncl udes waste reservoirs 602 and

608, sanple reserveprs $Rdmefief .of 6fhiin 3ndfufther com pnsmﬁsﬁéﬁﬂingﬂie% pofunit is

connected to one of two cathode reservoirs 614 or respectively.
Addi t i onaPl y, sameple raseiiveirs into omg or heredrjreterst ed t o one capillary in an array
of capillaries or channels 620. The capillaries or channels 620 are

connected to an anode 630. In this design, 96 sanples can be
anal yzed by injectBsng fgHemeaivaloFelaifl 32, fethbaddmpristhgofininglabwastlesdrasiy -
Further, 24 separation capillaries or channel s are used to anal yze

the materi al mﬁa@bsganlplllaeﬂ@servm rs. Moreover, each of the injector units
has two waste reservoirs. In total, the enbodinment of Figure 8 has a hole

count of 3N 2+3. Referring now to Figure 9, a third
enbodi menfy of the GAE nirge ﬁreﬂioatcﬂ'cfairﬁ 33 sfuéther conthriselOhaRiplekihgl \@itifelfe
m cro-plate 650 of Figure cat hode reservoirs 652 are posi ti oned

on a perimet eFespvoirtyat Esaﬁxnlp@espwanré 650. Additionally, an anode
reservoir 660 is positioned in the center of the CAE m cro-plate 650.
Separation channels or capillaries may emanate from an outer

perimeter of the ngsro- Thahrifd®f claim 34, fupther ebniptisigembRipleXing ddanode
mcro-plate 650 in a spiral pattern if Ionger separatlon 30 channel s are
desired. AlteF8EVPirde 9ll sample meservops o theplate guhsreing distaacediqun eagh @khodrannel s

15  reservoir to a corresponding injector is approximately equal and where the distance
from each injector to its corresponding anode reservoir for each separation channel is

approximately equal.

36. A method for injecting a sample through a capillary array
20 electrophoresis plate with microfabricated separation channels connected to sample
reservoirs, waste reservoirs, cathode reservoirs, and anode reservoirs, the method
comprising:
applying an injection voltage between a first reservoir and a waste reservoir to
draw the sample into a cross channel region while applying a bias voltage to the
25  cathode and anode reservoirs to control injection plug width;
applying a running voltage between the cathode and anode reservoirs; and
applying a biasing voltage to the waste and injector reservoirs to pull away

residuals of the sample.

30



or capillaries may sinply be a straight [ine connecting the perineter of
the mcro- plate 650 to the center 660 of the CAE m cro-plate 650.
12 WO 9924837i ng now to Figures 10 and 11, an inject orPGTWS98@3661 he
CAE micro-pl ate of Figure 9 and its position on a perineter of the
m cro-plate of Figure 9 are illustratief{q in detail. In Figure 10, two
separation channels or capillaries 670 and 671 are connected to a
conmon waste reservoir 672 and a common cat hode reservoir 674. 5

Addi tionally, the separation channels 670 and 671 are connected to sanple
reservoirs 676 and 678. As v es 10 and 11, the
connections between the sanp and waste reseryoirs may intersect in
an of f-set manner. Referring now to Figure 12, the common
anode 660 of Figure 945 illustrated in detail. As sQown in Figure
11, a plurality of g€paration channels or capillaries 800- 810 form a
curvilinear pattepf, which may be a radial pattern, converging\on a central

reglon 820. Fro rt be ce .raI reu'on 8‘0 the sec.rat|on channl
ﬂr"jh e

m cro-pl ate. /Thg
may be used for‘

— - - - -

[l RN NI — - - T 4

P N~ - e — -

- - -

FIG._1
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15 Sanpl es may be | oaded nmanual |y or automatically. Serial

i njections may be used to increase the sanple throughput ‘with a
pr edet er m nwb oweakeIr of capillaries. Mor eover, whil e pORUSSER3Idé6INEN
of the present invention injects two sanples per channel , an

injection of four sanples per chanpel4gay be used to analyze 192 sanpl es
per plate. Further, an increase in the nunber of capillaries on the CAE
mcro-plate 20 would increase the throughput correspondi ngly w thout

i ntroduci ng any sanpl e contanlnatlon Mor eover, the plate nmay be
made of glass or plastic. In addition, the scanning detection
system nay be altered by i nveld —BBIIS objectlve | ens and scanni ng
from bel ow. RPGRi of the optics Del ow the plate wol20# per mi t

d scanni ng
eRVv ir, thereby
) f the gpa Mor eQver an array of
e micro- p e of the
vol ume

facil e manipul ati
woul d 25 al so
permtting a cenksal pl acenent
PCR reaction cha s may be_used

invention to allow for integrart anpl
sanpl es, elintnataizznptszhﬂndl @
Fur t her moCATHOIRE presenp i nvention c nbe

t hernocoupl es and detection systens
m crofluidic ies to e

Wi | e thq:A@yéﬂﬁéoh\D§?4beer shown and

nd introduction of sanples. The inv

| ow
| tra ce cost.

| ates thatogbect r oNNODRat ers, 30
e used mnth an array of

%9?1 glectraopharegi s process.
bed i th,sefef epggge an

B C

220 FIG. 2 224

671
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13 enbodi nent thereof,

above and ot her changes in form and detai
fromthe spirwo@svedszscope of the follow ng clains.

those skilled in the art will understand that the

14 - WHAT IS CLAIMED | S:
el ectrophoresis plate, conprising:

channels fornmed on said plate;
reservoirs formed on said plate and coupled to said

channel s.

},

and 5

1.
3/11

may be made wi t hout d%?artin

PCT/US98/2366

A capillary array
an array of separation
an array of sanple

separation

207 The plate of claim1l, whereinggaid array of

sanpl e reservoirs are organi zed into one . ors.
210~ 210
\. 212 —N\ 212
N\ 213 ﬁ "\ 213
200 200~
™ "\ 204 "\ 204
207
210 210
~ N
212 5 "\ 212
200 200~ El —
™ "\ 204 "\ 204

FIG._3C
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10 3. The plate of claim?2, further conprising a waste

reservoir positioned in each sanple injector. 4,

The pl ate ofo9d/z8m 3, wherein one of said waste reservoirs PETORIpREEIt O 15
one or nore sanple reservoirs in each sanple injector. 5.
The plate of claim1, further conpyiss{ig a cathode reservoir, said

cat hode reservoir being connected to one or nore separation channels 20
6. The plate of claim1, further conprising anfang@g reservoir comon to
one or nore separati pnels The plate of claim

1, wherein the plate}has
outer perineter, andjone
and the separation c
to reservoirs near the center.
claim?7, wherein the
perineter to the cepss

.nnvcan

FRETIER COATTRR STSTEM  onba hear a center 25

hear the outer perineter
396 The pl ate of
nect t he outer

ol : e > = x =

RN, AU A bl
Maaec'__r;aw’; ’!‘lcﬁ 3 GWJ PR L —d
P72 —— e L m y— Y — et — S O — e

mmr@m

Y

FIG._4A
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30 ] .9
el ectrode array coupl eabl e
15

reservoir
reservoir
reservoir
pl ate and
A capillary arr

arr 99W3?%£'having

array

The plate of claiml,

The plate of claim9,

11.
arraysﬁg p@blﬁ@ﬂ‘{ﬁ%%ced in 5
adapt @bubleddAGLasen! t i Bxcitatiomi petter.

separation chafiners rorned at a
nore anode resgrvoirs fornmed at
one or nore injectors forned at
havi ng: [ a

said plate and coupled to

further conprising an
to said reservoir array.
further conprigj
an array. of openings coup?gg/glﬁgsﬁsgmsai d
TBé1bl ate of claim 1, wherein said
one or two di nensions on said

12.
p conprising: a plurality of
urf?@éT f | d plate; one or
L dypl@te; and 10
sur of Id plate, said injector

lurallity of §sanpl e reservoirs fornmed on

A 4

ko o Beam
Filter (G P
. AP
(;H(? Lens ¢t
- Galvo
PMT
' : Dich 410 qLt
. Yy G|z ichroic Final
Ulb Pinhole Beamsplitter Lens
30
CAE micro-plate ®
A ;
1%, Power

SN PREAN'Y

Supplies <
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sai d separation channels; a plurality of waste
reservoirs formed on said plate and coupled to said

separ at i onywgheypaglrs; and 15 at | east onePCTUSERI3661
reservoir nmultiplexed with a plurality of said separation
channel s. 13. TQ§/QHate of claim 12, further conprising
an el ectrode array coupl eabl e to said reservoirs. 20

14. The plate of claim 12, wherein the plate has an outer perineter and a
center and the separation channels connect the outer perineter to the
center. 15. A capillary array el ectrophoresis plate
conprising: 25 an array of nicrofabricated separation channel s
fornmed at,a surface of a first ofa at
correspoﬁﬁlng surface of a second substr 2ﬂ§§3ﬂﬁ@EﬁH§EﬁJ rgn?.r t and
second substrates, each of said ghannels haV|ng first and second endsf
an array of sanple reservoirs f,0rred at a surface of said pjiate;
an array of waste reservoirs forndd at a surface of said plate; 30
an array oﬁ cat hode reservoufs codpl e he flrgt end of each of th
separation channels: "r 'Hﬂ|array of anode reservoir
coupled to the second end of each } he L '

vy (D

| ' o

, l " " |
2 p !“l JT ’ | '“"“ ' ‘ =‘"”"" '
4 500 | ""'

3 'ml mﬁ-!ﬁ ; N 1! '
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16 .separation channels; and an injector formed by an

I njection channel connected to one or nore sanple reservoirs that
crosses a sepaW®¥98#82%hannel and connects to a waste reservoir .PCT/US$823661
16. The capillary array el ectrophoresis plate of claim 15, wherein both
substrates are mcrofabricated. 7 /11 8178 The capillary array
el ectrophoresis plate of claim15, wherein the~ o suwbstrates are nade of
glass. 10 18. The capillary array 3l ect? ophoresis plate of
claim 15, wherein the substrates are mage off pl ggtic.

19. The capillary array el ectrophoresis I at ey of wcl aidn 15, wherein one or
15 nmore separati on ch@fune ale_connect gd "'i-:.‘i-"”**- hoden eservoir.

84 ==

72

60

CHANNEL
NUMBER

48

36

24

12

FIG._7 14 160 180 200 220

TIME (SEC.)
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20. The capillary array el ectrophoresis plate of claim 15, wherein one or

more separation channels are connected to a commpn waste reservoir. 20

21. The owmpd/z4aey array el ectrophoresis plate of clai m 15 PCISIsRss6bne or

nore separation channels are connected to a conmon anode reservoir

22. © The capillary array el ectropgqregis plate of claim15, wherein one or

nore sanple reservoirs are connected to one separation channel ?pd'ﬁﬂ@ or
array

nore 25 Mﬁ@?&@ﬁ@?§f ————————— 75_-WEE
,

el ectrophoresli s pl gteot=st=mrrtS—futter———T=%%

array |ayer nbung
havi ng openi fgs p
reservoirs, 308
24, The pl ate
coupl eabl e

DO

agq b

gi ng le—6@6ervoir

il ®above @0l at e, ||}[— res

niitioned ttp coupl e ﬂo the sa

he—®at e®er voifls. a
clai m 15/||furt hfr WET_ﬂrising
3 o it

614

~ 616

FIG._8
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17 _to said reservoir array |ayer. 17 25.
The capillary array el ectrophoresis plate of claim15, wherein the first
substrate haswarpoass2dy of el ectrodes aligned with the sanpl e PEI&ISIBRI66!

the waste 5 reservoirs, the cathode reservoirs, and the anode
reservoirs to nmake el ectrical contacts/ 41 with the solutions in the
reservoirs. 26. The capillary array el ectrophoresis plate
of claim 24 wherein said . electrode array is integral with the two
substrates. 10 27. The capillary array el ectrophoresis

pl ate of claim 26, wherein the sanpl e reggpvoirs are regul arly spaced
on the plate to receive solutions froma mulfi - headed pggptter

' system 15 28. The _captter=ybarlr ay el ectroppOresi s pl ate of
claim15, wherein the plate has H holfes, anthgferein His

$ P

approxi mately equal to SN, wi tght He ity

FIG._9
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of sanples to be processed. 29. The capillary array

el ectrophoresis plate of claim 15, wherein the 20 di stance from each

cat hode resgowend4s22 0 a correspondi ng injector is approxi mat #Gr/US98/23661equal
and where the distance fromeach injector to its correspondi ng anode

reservoir for each separatio thfl-pnel I s approxi mately equal .
30. The capillary array el ectrophoresis plate of claim15, wherein the
pl ate 25 is made of glass or plastic. 31. A et hod of

plag e, conpy i Si ng:
W- s—af a\surface of the
&—0F m crof abri cat ey sanpl e

and 2

W

formng a capillary arr 2y

shect rophor esi

FIG._11
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18 , connecting the array of mcrofabricated sanple reservoirs

to the array of m cr of abri cat ed separati on channel s.
32. The metWO®92@482¢| ai m 31, further conprising groupi ng the PETESP8/23661 5
.sanple reservoirs into one or nore injectors. 33. The
met hod of claim 32, further conprisify/fofmng a waste reservoir in
each sanple injector. 10 34. The nmethod of claim 33, further
conprising multiplexing a cathode reservoi p.Wth the sanple
reservoirs. 35. The nethod of c¢laim 34, further
conprising multiplexing an anode reservoir to all sanple reservoirs
on the plate, wherein a dis6éh fromeach cathode 1 5 resegypir to a
correspqpdi ng i nj ect r ox\ nat el | and where | st ance
from eacg>pai ect o ' tion
channel
810
800

FIG._12
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(57) Abstract

A capillary atray electrophoresis
(CAE) micro-plate with an array of sep-
aration channels (50) connected to an ar-
ray of sample reservoirs (101) on the
plate. The sample reservoirs (101) are
organized into one or more sample in-
jectors (100-116). One or more waste
reservoirs are provided to collect wastes
from reservoirs in each of the sample in-
jectors. Additionally, a cathode reser-
voir (120) is also multiplexed with one
or more scparation channels. To com-
plete the electrical path; an anode reser-
voit (180) which is common to some or
all separation channels is also provided
on the micro-plate. Moreover, the chan-
nel layout keeps the distance from the
anode to each of the cathodes approxi-
mately constant,
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